Introduction
Carbon is one of the most versatile elements that is found in nature, owing to exceptional characteristics, potential applications and substantial impressions on the industry. Carbon is found in its miscellaneous forms of diamond, graphite and polymers, which are very important for our lives. Since the discovery of CNTs, has become very important and interest of research due to considerable observation and research publications every year. CNTs have a variety of uses and applications in potential looking fields, some of which are charge detectors, electronics, communication, composite materials, biotechnology, environment, energy storage, chemical, and optical [1] . Therefore, in order to effectively use of CNTs in each of these fields, it is important that their vibration characteristics are examined. Owing to the small sizes of the micro beams, they are very appropriate for designing small instruments like sensors and actuators [2, 3] . There is considerable use of rotating tubes in different areas such as high power engine, magnetic shields, civil, mechanical and aerospace engineering [4] [5] [6] [7] [8] [9] [10] [11] . The important application of the current investigation of rotating FG-CNT is in nano-engineering structure like a sensors and actuators.
In last fifty years, many theories have been presented for vibration of rotating and nonrotating shells [1, 2, 5, 9, 12] and shells with ring support [13, [14] [15] [16] [17] [18] [19] [20] [21] . Reddy and co-authors investigated the bending, longitudinal, nonlinear, free and shear flexible vibration of FG porous microplates, nanobeams and carbon nanotubes within elastic medium using modified coupled theory, differential quadrature (DQM) and finite element method (FEM) [22, 23, 24, 25] .
Moreover, these authors modified the plate theories in a very clear manner that is based on diverse nonlocal theory of elasticity. Many investigators studied the buckling and post buckling 3 of nano structure as nano-plates and -beams [26] [27] [28] [29] [30] [31] [32] [33] . On the other side, due to the practical importance of vibration of rotating CNTs is very sparse.
Mouffoki et al. [34] studied the vibration of nanobeam using novel deformation theory resting on the elastic foundation. The influence of deformation theory is observed with displacement field and concluded that classical theory is less than beam theory. Wuite and Adali [35] studied the behavior of one dimensional CNT using multi-scale analysis. Effect of different parameters and volume fraction of CNT with diameter was examined. Bouafia et al. [36] and Bounouara et al.
[37] used 3D-nonlocal theory to calculate the frequency characteristics of nano-beams andplates. The effects of strain and shear factor across the thickness was considered. These studies have an effective analysis and design of nano-structures. Ebrahimi et al. [38] used porous electro-elastic properties to calculate the vibration using deformation plate theory. These Zhou et al. [43] developed flutter characteristic of plates using classical boundary conditions. According to shear deformation theory, with the conjunction of heat conduction was used to calculate the distribution of temperature in thickness direction. Hussain and Naeem [44, 45] used different theories to examine the vibration of SWCNTs with wave propagation approach. The effect of length and thickness was observed against frequency. Also the influence of dimensionless frequency was investigated with armchair and zigzag indices for in-plane rigidity and mass density lateral area. Żur [46] presented the classical plate theory to investigate the numerical results of free-and non-axisymmetric results of annular plates. The governing equation of plates was utilized with the help of quasi-Green's function. The vibration of these plates has been calculated with clamped-clamped and simply supported boundary conditions.
4
The vibration of sandwich nanoplates was observed to investigate the buckling, bending, and stability analysis in detail using deformation, trigonometric and hyperbolic and nonlocal theories [41, 47, 48, 49, 50, 51, 52, 53, 54] . Shen [55] presented nonlinear bending behavior of single-walled carbon nanotubes with simply supported edge condition. The molecular dynamic simulation was used to obtain the material properties of single-walled carbon nanotubes using perturbation technique. Ke et al. [56] incorporated the free vibration of SWCNT using Timoshenko beam theory and controlling equation of motion was derived using the Ritz-method. The thickness of SWCNT was governed by the rule of mixture with different support conditions. Some material researchers [57, 58, 59] assumed the straight and aligned SWCNT resting on elastic foundation with thermal environment. The effects of in-plane rigidity, temperature and volume fraction was calculated with sheets. Aragh et al. [60] investigated the vibration of CNT based on cylindrical shell panel using Eshelby-Mori-Tanaka approach. The volume fraction was considered in the direction of thickness and constitutive law was used to examine the vibration frequencies of SWCNTs. Żur [61] studied the abstract analysis of plates for free and non-axisymmetric vibration with ring supports using classical theory. The quasi-Green function was used for the solution of boundary value problem using different boundary conditions. Rafiee et al. [62] applied the Euler-Bernoulli beam theory with the conjunction of Kármán geometric theory. Wattanasakulpong and Ungbhakorn [63] employed shear deformation to calculate bending and vibration characteristics of CNT resting on Pasternak foundation. With the help of mixture rule, the SWCNTs are mixed with polymeric matrix. Shahsavari et al. [64] used Galerkin's method to calculate the free vibration of porous plates placed on elastic foundations. A novel hyperbolic theory of quasi-3D was used for the porosity distribution and patterns. Murmu and Adhikari [65] studied non-local effect of rotating structure for practical development using non-local Euler theory. For undergoing motion with the molecular hub, the carbon nanotube is assumed to be attached.
Vibration of rotating isotropic CNT is very rare. Some researchers used first time to investigate the rotating vibration of Shells [See Refs.66, 67, 68, 69, 70] . Moreover, the behavior of vibrating isotropic CNT has been studied in recent years [71, 72, 73] . As far as the author's knowledge goes, vibrational behavior of rotating isotropic CNT using Galerkin's method has not been investigated/assumed.
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In addition, for the vibration of CNTs, many researchers have used different numerical techniques; for example modified coupled theory [22] , 3D-nonlocal theory [36, 37, 64] differential quadrature method [23, 41] [18, 38, 43, 56] , which includes shear and rotary inertia of the beam. It is necessary to employ TBM to capture the rotary inertia effects and shear deformation and provide accurate prediction for smaller length-to-diameter ratio of CNT, but have several computational problems are detected due to its conceptual simplicity. The TBM cannot capture the cross-sectional deformation of CNTs and, mathematically, TBM only provides a limit of large number of modes and frequency production.
The proposed method is a better and popular tool to investigate the overall vibration of SWCNTs. Vibration characteristics of single-and double-walled CNTs were conducted using flexible shell model [9, 12, 13, 25, 21] . Hussain et al. [42] and Hussain and Naeem [44, 45] has used cylindrical shell model using wave propagation in SWCNTs to establish the new innovative techniques. Moreover, a new novel theoretical model gives innovative computational results for the vibration of CNTs, than earlier models [13, 22, 24, 25, 37, 38, 53, 54, 61, [75] [76] [77] [78] In present work, we analyze the vibrations of isotropic rotating single-walled carbon nanotube (SWCNTs) with ring supports using Love shell theory based on Galerkin's method, which is our particular motivation. Since there is no evidence in the literature regarding present model where such problem have been studied. Two forms of SWCNTs, viz zigzag and chiral are considered for their vibration characteristics using with ring supports versus different parameters and boundary conditions. This is also our motivation for carrying out the present work.
The main objective of present work is used to investigate the fundamental frequency of rotating isotropic SWCNTs with ring supports under polynomial volume fraction law with clampedclamped and clamped-free boundary conditions. In our case, the Galerkin's method is applied to solve the presented tube dynamics equations and we have formulated the tube frequency equation in the eigenvalue form. This proposed model are quite straight forward for the vibrational analysis of these structures of SWCNTs. Effects of different parameters on 6 fundamental natural frequencies versus ratios of length-and height-to-radius and angular speed are investigated. It is found that on increasing the ratio of length-to-radius, the resulting frequencies decreases and with the increase of height-to-radius ratio the frequencies increases. It has been shown that on enhancing angular speed, both backward and forward waves increases and decreases respectively. It is also found that on enhancing the position of ring supports, the frequency curves increase in the start and at the mid are higher and at the last the frequencies are same as the frequencies was observed in the start of attached ring supports. Frequency value of C-C end condition is higher than those of C-F computations. It is investigated that the frequencies of zigzag (5, 0) are lower than those of FNFs of (9, 0) and it is found that frequency outcomes of chiral (9, 5) , are higher than those of (6, 4) . Subsequently, the validation study has been performed through the available published literature. The results of single-walled carbon nanotube have been computed by using MATLAB software. To discretize the governing equations of present model into frequency equations of SWCNTs, Galerkin's method is used.
Polynomial volume fraction law
In carbon nanotubes (CNTs), the constitutes material for modeling can be done with various function of distribution, is termed as mixture rule. The mathematical modeling of CNTs, power law function of along thickness direction has been used and the various properties such as coefficient of thermal conductivity and expansion of the CNTs and ceramic material (AL203).
The variation in temperature and properties has been gained using volume fraction and temperature. In accordance of power law in the thickness direction, the fraction volume changes as [24] . Upon evaluation of the total volume fraction of CNTs tcnt V across the tube thickness, it is revealed that all types have the same total volume fraction of CNTs, that is,
Theoretical formulations
Rolling one time the graphene sheet becomes SWCNTs which look like a cylinder as shown in Figure 1 . It is assumed that vibration produced on rotating CNT and this rotating tube length L,
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height h, and radius R, which are treated as geometrical parameters. The geometrical representation of these parameters are shown in Figure 2 .
The resultant and moment forces of rotating CNT are expressed as:
The stress components xx  (axial direction) and   (tangential direction) and the stress vector Similarly the strain components ( xx e , e  ) in x-and θ-directions whereas shear stress (
The following form is for the strain energy (  ) of vibrating CNT 
For heterogeneous, the coupling stiffness ij B 's, coupling stiffness eliminated for isotropic CNT. For laminated (isotropic) material, the reduced rigidity ij Q with conjunction of Young's modulus and Poisson's ratio can be described as: 11 22 2 , 1
The parameter ( E ,  , 66 Q ) used in Eq. (15) stands as Young's modulus, Poisson's ratio and shear modulus, respectively. A new theory is developed [18] with modification of Love's theory [17] .
With the help of Love's theory 17 , the linear combination of strain vector in Eq. (2) The interlinked relation of displacement functions (strain and curvature) is indicated as: 2  2  2   11  22  12  2  2  2 11 , , , ,
The new form of strain energy is obtained after substituting Eqs. (5), (6) 
The kinetic energy (K.E) of rotating tube is articulated as:
The mass density per unit length t  is expressed as:
where  designates the mass density.
The Lagrange energy functional (  ) is expressed as the difference of strain and kinetic energies.     (14) After putting Eqs. (11 & 12) into Eq. (14) and by applying the Hamiltonian principle [50] to the Lagrange energy functional.
For executing the vibration of rotating CNTs, a set of partial PDEs containing displacement functions is developed as:
Utilizing the differential operator notations, Equation (15) 
The mathematical expressions for these operators: 11 12 33 . ,, ..,
1 Application of Galerkin's method
Several techniques [78, 79, 80] have been proposed to analyze the vibration of CNT, but here, Galerkin's method to discretize the governing equation of motion. The coordinate system ,, xt  are designated for axial, circumferential and time variable and the following relations for displacement functions are stated as: x designates axial variable and a is position of the ring support. We obtain following relation after putting Equation (16) in Equation (15) 2  2  12  66  22  22  12  66  2  2  3  0  0   3  22  22  3 4 0 0 
The frequency matrix in the eigenvalue and polynomial form can be described after the arrangement of the above terms. 
Where the order of the matrix 1 2 3 ,, L L L is three and the element of these matrices are presented in Appendix 2. Equation (19) be considered into standard eigenvalue problem w.r.t transformation [81] . (20) Where the order of O and I is three and specified as null and unit matrices.
Using MATLAB, the frequency of the tube consists of six values and for the tube stability minimum value has been chosen.
Results and discussions
In this section, the obtained results for the different BCs likewise: C-C and C-F for zigzag and chiral SWCNTs are parametrically studied in this part using proposed technique by Equation (20) . Results reported in this study are verified with earlier theoretical/simulation. Here, the influence of boundary conditions (C-C & C-F) for zigzag and chiral tubes are performed.
According to Galerkin's technique, the vibration frequencies have extended to wide range of parameters than earlier computations. In numerical simulation, the measurement of length-todiameter ratio provides satisfactory results than those are obtained experimentally and numerically [18] for SWCNTs and the model demonstrates the ability to estimate the vibration behavior of SWCNTs. The computations of our newly model with proposed approach with same data sets, our results are consistent with previous reports in MD [18] for SWCNTs. The following material parameters are as, the ratio of Young's modulus and mass density, the in- 
Frequency of rotating CNTs without ring supports
Firstly, rotating vibration frequency without ring supports of clamped-clamped CNTs are given in Tables 6-7 and h/R = 0.003, while on increasing h/R, frequency curves increases with specified parameter q = 0.7,  = 1rps, and L/R = 5. It is found that height-to-radius ratio is counter part of length-toradius ratio. Table 8 
Frequency analysis of rotating CNTs with ring supports
In this section, we have obtained and discussed the variation of the vibrational frequency of length-and thickness-to-radius ratios under different nanotube boundary conditions. Moreover, the interpretation of lattice indices (m, n) can be formed as, for zigzag n = 0; and also chiral nanotubes as (m, n), for n ≠ m respectively. Here, vibration frequencies of zigzag (5, 0), (9, 0), and chiral (6, 4), (9, 5) , SWCNTs, respectively have been performed using Galerkin's technique. Figure 5 . These figures show that on enhancing the ratio L/R, the frequencies for zigzag and chiral cases decreases very fast. It is observed that values of zigzag frequency with specified boundary conditions are less than that of chiral frequency outcomes. As it is noted that the deformation is not easy in the chiral and zigzag tube. Moreover, the cross sectional deformation of chiral is greater than the zigzag. Due to this the fundamental frequencies of zigzag are less than the chiral tubes frequencies. Obviously, the frequency peaks of C-C are greater than C-F curves of SWCNTs. Further, it is remarkable from Figures 8-9 , that the isotropic rotating frequency curves of chiral SWCNTs are definitely greater than that of zigzag curves. For backward and forward waves, it can be seen that the frequency amplitudes of both types of SWCNTs remain same at  = 0. The frequency curves of forward waves are slightly less than forward waves validating the earlier computation [12, 78] The presented Galerkin's technique for backward and forward waves of these tubes provides higher estimation definitely for whole range of  . It is noted that from the figures on increasing the rotational speed, the backward waves monotonically increases and forward waves decreases, respectively for C-C and C-F. 
Conclusions
In this section, a comprehensive estimation regarding Love's shell theory has been considered for vibrational behavior of the rotating isotropic SWCNTs with distinct parameters using Galerkin's method. Vibration frequency spectra of various physical parameters such as length-to-radius ratios angular speed and height-to-radius ratios, have been obtained with the effects ring supports for the vibrational behavior of different zigzag and chiral SWCNTs. Also the effects of ring supports have been originally examined for these types of tubes. Due to rotation of the tube, the frequency curves bifurcate as backward and forward frequencies. It has been demonstrated that the fundamental natural frequencies (backward and forward) depend on the material parameters of the nanotube and the frequencies for two sorts of SWCNTs under C-C and C-F boundary conditions increase with the decrease of length-to-radius ratio. In addition, it was indicated that the natural frequencies of these tubes increases with the increase of height-toradius ratio. Throughout the computation from this model, the frequencies of C-C conditions are larger than C-F, due to constraints are applied at the end of the tube. It is also found that on enhancing the position of the ring supports, the frequency curves increase in the start and at the mid are higher and at the last the frequencies are same as the frequencies was observed in the start of attached ring supports. It is concluded that ring supports have great effect on the frequencies of zigzag and chiral tubes. The present work can be utilized for analyzing of the 
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